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| SUMMARY
F .
In the rigors of planetar& cuarantine procedurses it becomes necsssary to predict the surviv-
ability of viable organisms that become separated from a parent "'fly-by" vehicle or lander
bus. These organisms will exist as separate entities or as "piggy-back" passengers on
spacecraft debris, and they will be expesed to the rigors of space,including solar heating
and aerodynamic heating resulting from entry into the planet's atmosphere. In this study,

an attempt has been made to define the optical characteristics of a representative test spore
(Bacillus subtilis var, niger). A Gier-Dunkle spectral reflectometer was used to determine

the reflectance, transmittance, and absorptance of a composits slab containing a deposit of
these life cells which are typical of a most hardy species. A technigue has been developed to
account for the presence of the substrate material in order to obtain the characteristic solar
‘absorptance and total hemispharical emittance of the microorganisms, , '

The c@eﬁuai@m; of the study can be summarized as follows:

Sy a. The test cpores will have a charecterisile total hemispherical emitiance of 0,05
© o spdacharactoristic solar absorptance of 0,17, Tho u@@@%@ﬁn&y asgociated m@h those -
3 SR m?@rimmw} values is +0. 04 ahsoluta uzita, - T B R o

b, The mét m@ma arg, in g@mm‘i highiy tmm"gamm, even tra tha E@ﬁg@r mﬁ?amd
Wavas. :

¢, PBaozed on Hmited g—fz@cm@“‘sﬁm in the "far" ultraviclet roglon of the spsctrum
2 0.3 microas), the @gwmfs seem to ba mgﬁ;q senaitive to dameging witvaviclet
mﬁim@m 2

d. It wes found thet $he opores tested had a m@mim% a /é ¥otio of 3.4, Howsver, if

© the toleronce ssoosieted with the erperimentnd ma%mmamtg iz concldered, the ratlo
eoid be g9 bhigh eg 21 emﬂ @@m@ reguit in an averags g}f@m@m@y temaperaturs of

@%
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. SECTION 1
T ' INTRODUCTION
g? ¥ .- ’A \0‘ oy

In the 1970's, 2 serles of ﬁnmmed'iplametary probss and landers will b@ leunched to search
for entratevrestrial life. In ovdsr for the search to have meaning, the vehicles must not be
- the transplantey-of earth-born life, For such life could confuse the data that life sensora will
| gather on futurs landing missions and may even alter or destroy the structure of any native
- planstary lifa. Thus, it becomes necessary to assure that the transporter of the stevilized lander

g, Dty
SIS )

i ~ vehicle, the nonsterile spacecraft bus, will not introduce direct contamination of the planet.

f’ ' bﬁe step along the road to plansiary quarantine is tﬁse prediction of the survivability of these

. nlifa" cellg during thelr exposure to the extremss of space when they are accidently jettisoned

3 from the nonsterile spacecrafl bus. The cella could exist as separate entities in an overall
cloud of organisms or a8 "piggy back" passengers on spacecralt debris. - The extremes of

'“ spase conld includs not only tho chvicus golar heating-black space cooling eyeles but alsd

- A  thoe heating envivenment developsd during %ﬁm into the Mavtian stmosphere, |

N “‘mmﬂ@, it b@&@m@s neosasary to define the thermed e Wﬁp@m&g of m@g@ micma

| g ?gﬁdﬁm& in exdor to a@ng_’*miy p&%&ﬁ@t their behavier ﬁdﬂﬁg @rbifeal éﬁeay and mgmsnt

- @zmy ioto Mars, Thooo eritical properiies include:

; = | ﬁpacﬁfﬁ@ heat A mescure of the enarpy regiired to

- {:; advance from ons tempsratuve state -

2 1o encthow ‘

; :

P Solar ebuorplence A measurs of the radiated energy frem

e » the sun, zheorbed by the call

CH] » 2,

A Hesalspherical emittance The ability of a o2l $o lose thermal

Yem energy by radiation to oclder surroucdings

o . Mote that the thormel coudustivily 18 not consideved to be a criticel parameter, sincea
body whosze mexiznum dimension is on the crndsy of 1@36 faet czn readily be treated as a - .

) n-shin® igothormel partlcle, . . Lo 3




In this study an attempt has been made to determine experimentally the solar abgorptance and
total homispherical emitience of a ropresentative test spore (Bacillus subtilis vax, niger)

in order that the thermal anslyst can predict the temperature eﬁviz’mm& exporienced during
their orbital and suborbltal excursions and their subsequent eatry into the Martian atmosphere.




SECTION 2

! EXPERIMENTAL TECENIQUES
The Glor-Dunklo Absolute Divectional Intograting Sphore and Heated Cavity Refloctometors

haveo bosn used in this program of optlcal characterization of viable microorganisms.
Figure 2-1 {llusivates the Integrating sphere and assoclated suxiliary equipment required

for oporation. Figure 2-2 illustrates the directional heated cavity unit mounted on the
sourco-trensior optical system. Figure 2-3 shows the cross goctlon of hoth instrumenta.

- A schematie of the enorgy path for both operational modes 1s shown in Figure 2-4.

& o oo
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Figare 2-1. Gler-Dunkle Aboolate Integreting Enbave Reflectometor -
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The Gier-ﬁunkle integrating sphere is used for measurements of the absolute, dlrectipnal,
spectral reflectance or transmittance in the wavelength region from 0.3 to 3. 0 microns.
The sphere comprises two 8-inch-diameter cast alumimm hemisgheres polished on the
interior and smoked with approximately 0.1 inch of ma@eslum oxide. An auxliliary source
and transfer optics unit generates the spectral energy by means of tungsten and hydrogen
lamps. This energy is dlspersed by a standard Perkin-Elmer Model 98 monochromator ‘
equipped with a fused silica prism. The monochromatic radiatidn is, in turn, directed
into the i:ntégrati;ng sphere onto a spechmen suspended at eithéf the entrance port or at the
center of the sphere. The radiailon transmitted through or reflected from the specimen. '
and subsequent interﬂecith;nions from the sphere wall (coated with magnesium oxide) cause

a diffuse irradiation upon detectors which view the entire sphere but not the specimen.
The detector signal is calibrated when the incident énerg is directed g-zast‘the speclmen

to the sg)here wall by means of a remotz~controlled rotary mirror in the optical box.

| The Gier-Dunkle directional heated cavity i3 used for measurerments of the sbsolute, -

directionsl, speciral reflectance and the binormal transmitiance in the wavelength region

~ from 1.0 to 25.0 mierons. The aszembly consists of a grooved black-nleckel cavity with
- five gepareis haalers mﬁwﬁm&ﬂy controlled to achieve @ ﬁm&:&wfmd bi&@m’b@dy @&vﬁy

e cpemi;w ot 145007, T&m waﬁ;erm@mﬁeé sampi@ 18 p@sm@aﬂé In the center ef the cyiﬁm&ﬁcal

| heated cavity, and by m%«ﬁ'ﬁ;i@n of the Indexed sample holder, incidence angles between 20

and 75 deprees are achieved. Speciral refiectonce data is oblained by comparing the rediont

flux reflected from @Ezv? gpecimen with that from a @Zaagﬁmm fin which is located near the S
apecim&m end is ueed o reduce errora due o nowm meniformity @f tha cavity wall intensity.
Binormal ameami renemitionce 18 obiained by nserting the sample into the colilmated

N radiznt encrgy beam belween the hesled cavily souvee end the detector. A stendard Perkin-
) . Elmer Modsl 98 monochremator 1s used to disperze the refiocted or transmitted BRETEY
 and divect i onto a vacuum thermocouple detecior. A sodium chloride priswm is used for
b . me 1-to-15-micron range, and a potassinm bromide prism for the 13¥m~25—m2@m TR o
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| vhore £f and 71 are the spectral refloctoncs and ﬁ@mﬁaﬂea respactively, determinsd

SECTION 3
ANALYTICAL TECHNIQUES

- T} o
The solar abgorpiancs (a@) is defined as that fraction of the incident solar flux absorbed by

a particular mat@ﬂal. it is expressed mathematically as:.

o = "5 (3-1)

where o :A is the absolute spectral abmm%ance

SA iz the mom@hmmaﬁc miar ﬁm&mﬁm

e

Em@’ﬁ@yﬁm the gpectyal data obtained m the Gﬁ@w@w&kﬁ@ integrating @wmm, the gslar -

ebooiplancs czn bo ealoulated ﬁ@m Equation -1 by ﬁm %Emwﬁm&, numerical lntegration |

@@@o T T e A e Lo

B P T S T TN,

e =002 5 [emaaetn) oo o o T L e
-5 i=1 G .

wovelensth lntervels corrssponding 0 2 wmmt of the zw‘éw gnactyuys @i‘ Johngon {(Refsrence 1).

The terma P1 end Ti can bo mensured as sznorate eniities, or thele svm {Pi+ T combs

divectly datevmained by snspzniding the mp%é in tho conier of %Z@é ephers and delocling the
monschroraiie SRITEY reflected ‘i:mm &?@@ tront mr’”m.@a as wall az the energy mmm@d
&mug%a %@ painple. o .

E T todal %ze:'f’ wherleel emitionas is @ifefs«?ﬁme% 28 “é;?.z@ wetlo @'ﬁ tha enayy cradt f%zi m &m @m&-—
tena by 3 Bo wrtlouiar matoriol to ek which would be emitied %y a blackhody ad ﬁé@% eame
%@mg,mw TN R COR m @mmsﬁ mmﬁ&m&ﬁ@@ﬁy ass I U e

. PR , A ./,;' 3“1 “
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€, = (9, 9] sin 6 cos ededé (3-3)
_— H } f j [}‘ ] 5T4 o
°©o o o .

where eh(e, 4) 1s the speoctral directional emittance
Ibh is the monbchromatic "biackbody'_' Intensity
T is the absgolute témperature of the sample

4 is the Stefan-Boltzman constant

Agsuming the spfeetral emittance to be independent of tlie azimuthal angle (), this integration

can be approximated by breaking the spectrum into N large intervals each containing Mj sub-
intervals and summing as follows: ' '

T : . s

g ® .
N My - ﬂb
8 : h
e, =T L0 ) arain®e) £ e, (o j 3-4)
1 H {=1 {j{iﬁ)} S {A“"i ot - ! o
. where {8y ig %‘ﬁa@ O3 zm&ﬁﬁzﬂd ﬁﬁmw@ml @mitémm«,s wm.@h is mg@@@mve e
' (o) i tz:o vmml@@gm fn the fﬁa interval, :
: X e is the average pormal g;:@@tml emittance of the (j,i)&h
i sub-interval.
A, i ﬁ’é}k ie %?z;.a fraction of the tolnl energy emitted by a "blackbady"

— A gt tomperature widch egyears in the (), 1)th sub i@%@&l of
gt the spacizum, .
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GECTION4
SPECIMEN PREPARATION
8inco ons i @@n@@mmd with vieble @xa?amgsm& whose maximum c’eimeangmm ere on the order
of 107C fost, 1t bocomen zn impossibls sk to isclala me, two, oF even a dozen of thoes
orgenisms and ettompt to dafine ﬁh@ir optical characterictics, We must, lnsiead, fabricate

a spsﬂimam that ig suitable for exp@rimenml studies using the Gier—Dmﬂde Reflectomstars
g ot the same time is rvepresentative of the corditlon under which the crgamsma will exist

in thelr journey into Mars,

If the organloms are suspended in a Hguld gohition which, in turn, is deposited on & suitable

substrete, o simple drying process will drive off the lguids and leave behind a dry cloud or

smear @f micmm’g‘mimss, The orgenismas employed éfére bactsrial spores of Bacillus
suwstiis var, niree, and g discension of the techniyue uesd in g;%pwa&ien can be found in

Refovense 2. Tk faok dove described thoreln affords a re wﬁmgmwﬁ% sampling of the test

gpoves in omeara that ove thin enough to be representative of one layer of org&ﬁgms (p%mwa”
| mgmgmﬁw il Q&i‘a‘%‘rf that €ro smecer 13 In general compesed of 1 ov 2 layers of @fg@ﬁi&sms),

) E TIETET, the food ot the g@@;@g &m,m@g}m m%wi @ 8 auhgﬁm,@ that is maﬂy mmmj@%@m

- Gopiag the aoluel fﬁiﬁ« o s Eﬁam 15 voreatotis, Fortunately %;J.B @gﬁ@ﬁt £ the gu?:aﬁm%e cam |

e sosonalsd %%:’ 37 ¥n onllenl chara toristios ere abtained pﬁ@? to mamzngg the gporea. This
tesh m‘?@m vmi %m f&f’ﬁ:&% éﬁﬂmw&é ia %:i,ﬂ m%&ysis of the ez*gwﬁmem&i ﬁa@a. L

t Thae cholos of &vﬁ'mmhw was hmimﬁ to ms:’;@zﬁa?;@ mm m}uﬁd be cbemhaﬁy and bmi@ﬁi@aﬂy

@@aﬁ@%&i@ mih the m‘ggﬁm s end the solitticn containing the orgenisms. Algo, i was
nesessery o have aa substrate meterial that wmﬁd be {rensperent to menochromatic radiation

ot o 28. O microns i1 order to clbaia the @*a@mm&“‘mm of the orgonisms, mafas was chossn

o esths @z?zs‘é‘mﬁe for reflestance meagarements besmse of itz chemical sgabﬁﬁyy and becanse |
N 3 opactiy to iﬁﬂ*&*wd mergg ﬂ’m@%ﬁ% to soms @x@mﬁ, the dota rewﬁ‘@i@m Thin myzar
i :m, 27 gf@fﬁffeiy 2. @@‘325 m»ah ‘é\ﬁ@‘g, wes m@d as the w‘%ﬁmﬁ&ﬁ I *@rmmﬁm@e measure-—

o m@ﬁm,

24.

Yoms Wm@ ponf m&?s Eﬁym E’cag%mr :
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SECTION 6
SPECIMEN DESCRIPTION

As men%i@néd provicusly, the microorganisms were prepared on glass aad mylar substrates
in order to have some physical means of handling duriny experimentation. An extensive
photomicrographic study of the final composite specimens was undertaken in order to ascer=-
tain, in genexal, the coizdiﬁom and in particular the uniformity of the layer of organisms

deposited on the particular substrates. Representative photos ave included as Figures 5-1
and 5-2, ‘

Figure 5-1 presents ?hotos of the microoxganisms mountsd oa a glass substirate, Ata »
magnification of 3%, we see what appears to bs a rather irregular, fingerprint-iype smear,
However, if it is realized that only a very small portion of the sepoimen, approximately

0,92 square: inch . in the center {seo cutline in photomicrozreph at 37) ia actually used f@r
. emporimentotion, this inlial feaw of normiformity besomes unfounded, Ata mgmiﬁ@aﬁ@m

@é‘ approvimately 100z, this nommiformily beoomes less @@gg@mt@d, &ﬁﬁ the org&m&sme ’
bazin to mk@ on gomze semblanso of mﬁivﬁd&iﬁ% '

E At 1@1@1’; W@ﬁm Figw«a 5«1 3 ﬁﬁ p@smﬁﬁ@ to cmgify 25 to elze ami s&ap@, In g@mml -

the cglla a@m@ the chepo of rownded foothall-lype cyhmzms with @hame%@ﬁ@ﬁ@ leag*&m of
5,810 ﬁ@ % {1.78 m@r@m} and diametors of 3,8 x 10 i@@%, Perhaps te most impoytant

) d@éaﬂ that can ko @M@W@d from *&hia p@et@m;ﬁwegmm is ﬁmt the smear or oloud @e@&sﬁ%@d_ '

oa the glass substrate was indeed compozed of no more thon a fow layers of orgonlems, In

fact, carcful study chows that culy a relatively small percentags of avea hed a8 mony a8 two
layers and that the major portion was covered with only one layer, Thus, reflestancs aml

tmmsmimma IEANT °emema on this symim@a Wﬁ:& [+%2) r@rmw&aﬁ% @ﬁ ﬁaa vam@a that
ac‘awﬂy ezzdést f@r cuo digorate spore.. . - : |

| Fig%zm 5«»2 pms:m@s w@%@mmmwamﬁ of ﬁm gwwiﬁm m@vmﬁfﬁ on @9 00028 m@h tm@?s my}ar =

- fllm, Ata megrificotion of ?.i%za, s overall a:nu@rwmﬁy of the smeny of @?g?‘mg A

| ' is evident. The two pholos of differcat %ﬂt&w of &0 pame tost ﬁpmmw at 1010 .%m e
!_caﬂ:i@n agam ﬂh@‘?f ﬁm‘& me maﬁazﬁry m gu’m@mm @@%ﬂw ] i Wﬁ'&h cne Layear @ﬁ @W&nﬁ.@m. f‘jf‘i{,‘ ik
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The difference in intensity and backsround color of these thres photomicrographs is due

~anly to the different fltovs and m@mmﬁm@s ;ussd in the photographic process,

The major promiss has been ﬂs.‘é;t the eubstrate 18 covered with a uniform monolayer of orgaa~
ﬁsms in order that the optical measurements bs characterisiic on one discrete organism, '
The question readily arises conceraning the bare spois that are visible in the photomicyro~
grapha, Ifit I8 realized that the area sighted by the Gler-Dunkle Reflectometer, 0.1 inch

% 0.2 inch, would manifest itself a3 a rectangle 50,5 inches x 101 inches in the photomicro-
graph at 505z magnification (Figure 2-3), it can be ssen that the bare spots represeat a
minimal pemeﬁmge of the total viewlng area, Considemg the entire collecﬁoﬁ of photo=

micregrephs in total, it is judged that betweea 80 and 90 percent of the sighted area had

cormplets mm;qlayer coverage, This conservaiive estimate will be masifested in a broader
tolerance azscoliated with the emerimental r@@ults; L




" where ig tﬁze *&m@gmﬁmﬁce ef Eﬁse ageoreg | E

SECTION 6
ANALYSE OF EXPERIMENTAL DATA

6.1 SOLAR ABSORPTANCE

As noted in the discussion of experimental techniques, the Gier-Dunkle Integrating Spherq
is used to characterize materials in the solar wavelength region. For a single-layer material,
the solar absorptance i8 generally found by a straightforward scheme of Integrating either
the spectral reflectance, in the case of cpague materials, or the specti'al reﬂéctémce phé

transmiitance in the case of transpavent materials and subtracting this integration from

unity. However, for a multilayered configuration, such as the organisms-mylar, it becomes
necessafy to characterize not only the composite but also the second layer substrate material
in order to correct for its presence in the composite. Briefly, the procedure is to determine
the transmittance of the mylar substrate and then the transmittancs of that substrato with
a deposit of orgenisms. Ths transmitiemce of the spores alone is then caleulated from ﬁh@ﬁ@

two megsuvemenis as:

’f in @bfe &mmmﬁ;@m of tho mylar subﬁtm%

AP ig ts @maz:@w ﬁm&mﬁ#‘w% of tha @y@mg on mylar

Fég,:um 8-1 shows the d@%}apm@m of &hﬁs exgzresaéaa. it is noted that the enly asgumpiion
© in ereiving at this r@h&;ﬁ@mhi@ i that the myler substrate has a very low surfes reflectancs
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1 SROTION 7
; RESULTS

. Figure 7-1 presents the ebsorptance of the microorganismas as 2 function of wavelength.
Bach dota polnt, as calculated from Eouatlon 6-3, represents tho absorptance in a wave-
lemgih intorval @@X‘E‘e@p@mﬁiﬁg to 2 povcent of the extratervestrial solar spectrum.

2
- Neto that at the lowor end of the spoctrura the absorpience Increases shaxply, indicating
~., that the crganisma may bo sensitive to ultraviolet radiation. This high UV absorptance
‘ iz chovracterictio of mosat vizhle organismas even i the slmplest form and should be con=
: } eidored ao oso of &@z@ "1™ mechenlome togethor with tomperature-time hm&;mry killa.
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NORMAL EMITTANCE (AESOLUTE UNJTS)
I

considered in this study. It 1s important to note that this relatively low solar absorptance
is a direct result of the transparency of the cells since their reflectance, calculated from
Bquation 6-2, was negligible. |

Figure 7-2 presents the f{orma;l speciral emitiance of the micrcorganisms as calculated
from Equation 6-6. The extremely low spsctral emittance, which is approximately zero
in some cases, is the result of the high transparency of the organisms since the reflectence
calculaied by Equation 6-5 was negligible. Integration of this normal speciral data, with
respect to a black body at IGOOF, glves a total normal emiitance of 0. 04 as characteristic-
of these Bacillus subtilis spores at 100°F. The parameter reguired in radistion heat
transfer analysis is the total hemispherical emiitance and, based 6n the theory of Jakob
(R@f@r@c@ 4), the ratio of total normal to total hemispherical emittance for a m&@ﬂ@l
with a &@t&l normel emittancs of 0.04 is 1.28. Hence the total hemispherical emittance
using this appronch 18 calenlated to be 0. 05. R L
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The uncertalnty associsted with there values of solar abeorptance and h@mispherical
emittance 18 0,04 absolute units, which includs a measurement tolerance of £0,015
inherent in the Gler-Dunkle reflectometers and an uncertainty of 0, 025 dus to uniformity

of sampls preparetion, diffuseness of mylar film, and approximations in data veduction
gchemes.

: L : 1t s significant to note that although the organisms will absorb a small percentage of
incident solar flux, thelr average temperature during an orbital environment in the vicinity

of Mars will be relatively high. In the abaence of aerodynamic heating, the heat balance of
a eylindrical cell oriented normal to the solar flux I8 expressed only in terms of solar

heating and radiation cooling This squilibrium state can be expressed mathematlcally as:
; Heat IN = Heat OUT | | (7-1
neglecting planetary emission and assuminga - | '

| Lambertisn absorpience of the solar flux;

Hest I = (@z (é‘%%zcos@;(huz‘;de o ”-2)

“‘%&

y,  therefore Rty

Host IN = \(egE’); (mﬁ) @+ o ? g (’?-3)‘ :

o mﬁn@d@@%ﬁﬁg@ﬁﬁ@ﬁe@%" g . ST PR
Y. . HestOUT = m £ty (eBm: oL gy

kR . where Bis %Eae golar c@ma&ﬂt for the p@m@& Maxs equal to §.058 B@A/ﬁ - &%0 o
' - (R@ﬁ@r@m& 4 -

R 18 the Planetary Albedo nesr Mers eqmi t0 0.16 times 8 (Eﬁi‘emmc@ 5) A
B is the length of the cyiiaﬁfﬁcal cell e | '
-ris&%zez&dmsoﬁheceﬂ R
is ’Eza golar obs m"gmme of the teg% &p@mg

“g
Ca B o
- Tis m@ abzolute tempserature in E
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Solving Equation 7-1 for *bempemﬁum gives:

4 : i
a ; :
T=\§/:’§‘(%§')§' (7-5)
¢ °B

Thus, the equilibrium temperature of the organisms is a direct functica of the ratio of

solar absorptance to hemispherical emiitance (o /eB) Solving Equation 7-5 with the

value of aB/e obtalned in this study gives an average equilibrium temperature of 620°R
(160 F). However, if we consider the ﬁolerance assoclated with the experimental results,
we see that a o /eB ratio as high as 21 is possible resulting, in an equilibrium temperature
as high as 950°R (496°F). Thus, orbital and suborbital solar heating should not be com-
pletely rejected as a possible 'kﬁﬂ" mechaniom but should be consldered aogather with the
kills caused by entry into the Mavrtian a&meaphwe.

R = SR




A o CONCLUSIONS
» { ) (

3 i ) . BECTION 8
The misroorganisme studied have proven to be highly transparent to- both visible and infraved

a rediation and henoe possess 8 low total hemispharical emiitance of 0. 05 and a solar abaorptence
’ of 0,17. Amothor mt@mmmg result is the relatively high ultraviclet absorpiance of the :
*'z organisms, However, this should not be surprising, since most life forms, as wa know them
N on 2 macroscopic level, have a high ulirsviolet sensitivity. - S

The conclusions of thig study are as follows: .

‘8., ‘The teot sporss have g characteristic total hemispherical emittance of 0. 05 and
& & chorectoristie golap shoorptones of 8.17. The uﬂ@@mmty agsociated with these
: evperimnentel valves is 40,04 absm!m@ m:it.

7 b, Tho sporss ave, in gcf..am!, hﬁgﬁy MMW‘*@E&, even to the E@m Tex o mﬁamd wavss,
i ¢. Ezzed on Brelfed exporimentetion in the "yt wwcv?z,m& rezlon of the gpactrum

: > 0.2 micrens), tho opores scom to b3 kiglly sensifive to domering uitvavislet
e, S ‘E’amum@@o . . . ) . . T R SR

i . 4. 1t was found thet the Ea@mm subiilis teGt sporeshed 2 nominal @ _Je_ ralloef -
8.4. Ygwover, if the tolevance gssceintzd with the crperimentsl medrrements

15 cozsidared, the ratio could bo es high 23 21 end coald reault 'éa an avarage
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SECTION 9
RECOMMENDATIONS

It has been found thet these wicellular microorganisms lia*ve a certain degree of sensitivity
to ultraviolet radiation, It is thevefore recommended that a program be initiated to in-

- vestigate the effect of this demaging radiation on the life cycls of thess viable cells, Itis

felt that ultraviolet absorption could ba a major "kill" mechanism, perhaps overéhadowing
even the asrcdynamic heating "kill" affected during entry into the Martian atmosphere,

- At the cnget of this report it was notad that together with the solar absorptance and

hemispheﬂcal emit@m&ce, there looms, as a critical thermodynamic property, the speciﬁc
heat of the organisms, This property, which can be thought of as an effective resistancs to
temparature cha:ng@, i3 baslc in defining the &er@dmmic hesting behavior of en emm‘mg

~eell, It is recommendad that 2 program be tnitiated te experimentally determine this gpecifie

h@at gaa:mmf;ar in order to refine aunlyiical predictions of the tempsrature-time hﬁs-z%@ry
of orgexicms sufsring the Martian atmogphbare, Th@ smell spechmen size sad overall

socuresy (15 percent) of the Perkin-Elmer Differentisl Sconning Calorimeter maks it well
suited for & sludy of this type. It would be a zelatively siuple mossurement in comaparis

- with &@w’e‘;{m reflestance determinaiions to cbiain the a@@ﬁﬁ« ma of a sample of mﬁ@mn |
- oW@MaM@QWWMWﬁEQMMW '
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